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处理也会导致 OsLecRK1 的表达水平上调；其中以 SA、ABA、NaCl 处理后的上
调表达最为明显；低温则会抑制 OsLecRK1 基因的表达。在水稻细菌性条斑病病
原菌 Xoc 侵染诱发的水稻防御反应中，OsLecRK1 基因的表达水平在前 3 天略微
上调。因此，推测 OsLecRK1 可能参与多种不同的水稻抗胁迫反应。 
用农杆菌介导的方法遗传转化水稻，得到抑制表达和融合 GFP 的超量表达
的转基因水稻。荧光显微镜观察 OsLecRK1-GFP 融合蛋白在转基因 T1代水稻根
尖细胞中的稳定表达，结果与 OsLecRK1 蛋白位于细胞质膜的预测相吻合，暗示
该蛋白可能具有跨膜传递信号的功能。 
对转基因 T1 代进行 Xoc 接菌处理，病斑测量结果显示抑制 OsLecRK1 基因
表达增强了水稻对 Xoc 的抗性，OsLecRK1 插入突变株也表现了略微增强的抗性，
这些结果暗示 OsLecRK1 基因负调控水稻对 Xoc 抗性。在抑制表达 OsLecRK1 的















合成的基因 PAD4 及 JA 合成相关基因 AOS2 的表达均被抑制；在 OsLecRK1 突
变体植株接种 Xoc 后，荧光定量 PCR 检测数据显示病程相关基因 PR1b 和参与




达，其中受干旱和高盐胁迫诱导的转录因子 OsDREB2A 在 RNAi 转基因植株的
不同单株中的表达均受到抑制，而脯氨酸合成限速酶基因 P5CS 的表达量一致显
著上升；而在融合 GFP 的超量表达植株的不同单株中，与野生型相比，可以提
























Rice is one of the most fundamental cereal crops, but environmental stresses 
frequently influence rice growth and yield. In order to ensure increasing grain demand, 
the improvement of rice resistance to different stress is to what agricultural workers 
and biologists pay attention for a long time. Isolating and cloning resistance-related 
genes and then clarifying the mechanism give great significance to control disasters 
theoretically and realistically. 
OsLecRK1 was found as a differentially expressed protein from the rice proteomes 
after inoculation with Xoc in our previous study，and was identified as a lectin 
receptor-like kinase. Receptor-like kinases are mainly involved in defense responses, 
development, signal transduction, et cetera. Bioinformatics Analysis also suggested 
that OsLecRK1 may take part in biotic or abiotic stress responses, growth, 
development, and so on. 
Quantitative RT-PCR (qRT-PCR) assays showed that OsLecRK1 express was 
expressed in all tissues examined and especially abundant in roots and stems. After 
different mock stress treatment, we found that three defense-signal compounds 
including salicylic acid (SA), methyl jasmonate (MeJA) and 
1-aminocyclopropane-1-carboxylic-acid (ACC), differentially induced the expression 
of OsLecRK1. Gibberellin (GA), abscisic acid (ABA), hydrogen peroxide (H2O2), 
NaCl, drought, and wounding also induced the expression of OsLecRK1. The highest 
increases of target gene’s expression levels occurred after three treatments, SA, ABA, 
and NaCl. However, Low temperature suppressed the expression of OsLecRK1. 
During the first three days of the defense responses triggered by Xoc infection, 
OsLecRK1 expression was slightly induced. Therefore, it was inferred to be involved 
in different kinds of rice stress resistance responses. 
OsLecRK1-suppressing transgenic rice plants and OsLecRK1-GFP-fusion 
-overexpressing transgenic rice plants were obtained by Agrobacterium-mediated 















membrane. Then the prediction was determined by observing stable expression of the 
OsLecRK1-GFP fusion protein in rice root apical cells from transgenic T1 plants. It 
implies that OsLecRK1 may play a role in transmembrane signaling. 
The measurement of average lesion lengths showed that suppressing OsLecRK1 
expression improved rice resistence to Xoc. Another evidence was that the resistence 
of T-DNA insertion mutant plants was also improved slightly. It indicated that 
OsLecRK1 is a negative regulator of BLS resistance in rice. Some defense-related 
genes were detected in OsLecRK1-suppressing transgenic rice plants by qRT-PCR 
after Xoc treated. Data showed that the expressions of two marker genes were 
suppressed, one was SA biosynthesis-related gene PAD4 and the other was JA 
biosynthesis-related gene AOS2, while another PR gene Cht1 was up-regulated. After 
the mutant plants were treated with Xoc, two marker genes were also suppressed, one 
is SA biosynthesis-related gene CHS, and the other is PR gene PR1b, but the 
expression of another SA biosynthesis-related gene PAL was remarkbly improved. 
We inferred that OsLecRK1 may assist pathogen or its effectors to infect plants, 
however, further research must be carried out to confirm this inference. 
Data obtained from analysis of abiotic stress-induced maker genes by qRT-PCR 
showed that, the expression levels of transcription factor gene OsDREB2A induced by 
drought and high salt were suppressed in different individual T1 suppressing 
transgenic plants compared to that of wild-type plants, while the expression of one 
proline synthesis rate-limiting enzyme gene P5CS was markedly induced. The gene 
Lea3-1 which can improve plants’ tolerance to salts was greatly induced in different 
individual T1 GFP-fusion over-expressing transgenic plants and gene OsDREB2A was 
also induced. These results indicated that the expression level of OsLecRK1 would 
influence the tolerance of rice to drought and salts. 
In summary, OsLecRK1 may have a key role in signal network of rice stress 
responses. 


















RNAi (RNA interference) RNA 干扰 
LB Luria-Bertani 培养基 
2,4-D (2,4-dichlorophenoxy acetic acid) 2,4-二氯苯氧乙酸 
NAA (naphthalene acetic acid) 萘乙酸 
6-BA (6-benzylaminoppurine) 6-苄基氨基嘌呤 
KT (Kinetin) 激动素 
AS (3,5-dimethoxy-4-hydroxy acetophenone) 乙酰丁香酮 
Hyg (hygromycin B) 潮霉素 B 
Cef (Cefotaxime Sodium ) 头孢霉素 
Carb (Carbenicillin) 羧苄青霉素钠 
SA (Salicylic acid) 水杨酸 
JA (Jasmonic acid) 茉莉酸 
MeJA (Methyl jasmonate) 茉莉酸甲酯 
ACC (1-aminocyclopropane-1-carboxylic acid) 1-氨基环丙烷-1-羧酸 
ABA (Abscisic acid) 脱落酸 
CTAB (cetyltriethylammonium bromide) 十六烷基三甲基溴化铵 
PCR (polymerase chain reaction) 聚合酶链式反应 
RT-PCR (reverse transcriptase-PCR) 反转录聚合酶链式反应 
qRT-PCR (rea1time fluorescent quantitative PCR) 实时荧光定量 PCR 
GFP (Green fluorescent protein) 绿色荧光蛋白 
Xoo (Xanthomonas oryzae pv. Oryzae) 水稻白叶枯病病原菌 
































典型的 RLK 蛋白质分子一般包含胞外结构域（extracellular domain）、单次





键部位。根据它的不同，可以把 RLKs 分为 15 类[3]，其中比较常见的是以下几
类： 
一、含 S-结构域类 RLK（S-Domain Kinase）：该类 RLKs 参与自交不亲和
反应，它可以识别来源于花粉的 SCR 蛋白[4]。也有研究表明 S-RLK 可以参与防
卫反应，如 SFRZ[5]。 
二、富含亮氨酸重复序列（Leucine-rich repeat，LRR）的 RLK：LRR-RLK
是成员数量最多的亚家族，富含亮氨酸重复结构的 RLK 是数目最多的一类 RLK。
现在证实的和预测的拟南芥 RLK 约有一半是 LRR-RLK[6]。LRR 结构普遍存在于
在信号转导相关的蛋白序列中，他们介导了蛋白间的相互作用[7]。 
三、肿瘤坏死因子受体（tumor necrosis factor receptor，TNFR）类 RLK：胞
外的受体部分具有特定排列的 6 个半胱氨酸。如玉米中的 CR4 是 TNFR 类 RLK，
参与表皮细胞的分化[8][9]。 
四、表皮生长因子（epidermal growth factor，EGF）类 RLK：这种 RLKs 的
胞外结构域具有类似动物细胞表皮生长因子的结构。拟南芥中已研究的成员
WAKs 参与植物的防御反应[10]。 


























结构域、跨膜结构域和胞内激酶域。2002 年 Barre 等[14]将凝集素类受体蛋白激酶
分为了 A、B、C 三个类型。Bouwmeester 等[15]在 2009 年根据胞外凝集素区域结





受体蛋白激酶基因所编码的胞外蛋白为 C 型凝集素[15]。L 型凝集素类受体蛋白
激酶胞外结构类似于可溶解的豆类凝集素，并根据其胞外结构推测该类凝集素类
受体蛋白激酶的配体可能为低聚糖[17]。目前所知，大多数的 LecRKs 都为 L 型，




首先 LecRKs 可能参与了植物的生物胁迫和非生物胁迫的信号转导。 
水稻抗稻瘟病基因 Pi-d2 就是一种包含有甘露糖特异的凝集素受体蛋白激
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